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Background of the Invention 

Paper webs are commonly dried using a drying apparatus, such as 
a through-dryer. For example, through-dryers typically operate by 
contacting heated air with a paper web while the web is supported by a 
wire or other papermaking fabric. The heated air dries the web as it is 
transported around a rotating drum. However, one problem associated 
with conventional methods of drying paper webs with such dryers is that, 
due to the wetness of the web, the dryers are relatively inefficient and 
have a low production capacity. The webs are alsosusceptible to heat- 
related degradation, which can create various malodorous compounds. 

As such, a need currently exists for an improved method of drying 
a paper web. In particular, a need currently exists for an improved 
method of drying a paper web that allows the dryer to have an increased 
production capacity without having a substantially adverse affect on 
product quality. 

Summary of the Invention 

The present invention is directed to a method of drying a paper 
web. In particular, the present invention is directed to a method of 
providing temperature control of a paper web as it traverses through a 
through-dryer. For instance, in one embodiment, a paper web is first 
dried within a first dryer section at an elevated temperature and 
subsequently dried within a second dryer section at a reduced 
temperature. 

The method of the present invention can generally be utilized with 
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various dryers used in drying paper webs. For instance, a through-dryer 
can be provided with two dryer sections in accordance with the present 
invention. A "relatively wet" paper web is initially provided to a first dryer 
section to be dried. As used herein, the phrase "relatively wet" generally 
refers to paper webs having a low solids consistency. For instance, a 
web may be supplied to the first dryer section at a consistency of less 
than about 60% (% solids consistency), particularly between about 15% 
to about 45%, and more particularly between about 20% to about 40%. 
As the web is moved through the first dryer section, it is partially dried. 

From the first dryer section, the web then enters a second dryer 
section for further drying. In general, the web entering the second dryer 
section is "relatively dry". As used herein, the phrase "relatively dry" 
generally refers to paper webs having a higher solids consistency than a 
"relatively wet" web. For example, "relatively wet" webs having 
consistencies within the above-mentioned ranges can be dried to 
consistencies of greater than about 25% (% solids consistency), 
particularly greater than about 35%, and more particularly between about 
45% to about 70%, within the first dryer section to result in a "relatively 
dry" web. Although the exemplary ranges mentioned above for "relatively 
dry" webs and "relatively wet" webs are overlapping, such webs should 
generally be interpreted to have different consistencies. For instance, in 
some instances, a "relatively wet" web may have a consistency of about 
35%. In such cases, a "relatively dry" web would accordingly have a 
consistency of greater than about 35%. It should also be understood that, 
at any given point of a continuous through-drying process, the solids 
consistency of a web passing therethrough is generally greater than the 
solids consistency of the web at any previous point of the process. 

In accordance with the present invention, the temperatures within 
the first dryer section and the second dryer section can be selectively 
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controlled to improve the overall capacity of the drying operation. In one 
embodiment, for example, an elevated temperature can be provided to the 
first dryer section when the web is relatively wet and a reduced 
temperature, in comparison to the elevated temperature, can be provided 
to the second dryer section when the web is relatively dry. For instance, 
in one embodiment, a temperature between about 400°F to about 500°F, 
and particularly between about 450°F to about 500°F, is provided to the 
first dryer section, while a temperature between about 300T to about 
400°F, and particularly between about 300°F to about 350°F, is provided 
to the second dryer section. 

Generally, the provision of an elevated temperature to the first 
dryer section does not cause the temperature of the web to be increased 
significantly above its "thermal degradation temperature". As used 
herein, the "thermal degradation temperature" generally refers to the 
temperature at which a component (e.g., fiber, lignin, additives, etc.) of a 
paper web begins to chemically degrade and generate malodorous 
compounds, as is well known in the art. In particular, when the web is 
relatively wet, the heated air does not easily pass between the fibers 
within the web. Instead, most of the heated air flows parallel to the 
surface of the web and raises the temperature of the web until it reaches 
the saturation temperature of air for a given humidity, temperature, and 
pressure. Once the saturation temperature is attained, the heated air 
then begins to significantly evaporate moisture contained within the web. 
Accordingly, because the temperature of the relatively wet web is not 
significantly increased above the saturation temperature of the air when 
dried at an elevated temperature, the temperature of the web within the 
first through-dryer section can usually remain less than the "thermal 
degradation temperature" of the web. 

Heat can be supplied to the first dryer section and the second dryer 
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section using a variety of methods and/or techniques. For instance, in 
some embodiments, a first air channel can supply air at an elevated 
temperature to the first dryer section, and a second air channel can 
supply air at a reduced temperature to the second dryer section. The 
temperature within each air channel may be controlled using a variety of 
techniques, such as, but not limited to, burners, valves, cooling units, 
other streams of air, and the like. 

Moreover, in some embodiments, a single air channel can supply 
air to each dryer section. When utilizing a single air channel, the air is 
typically heated to a certain temperature and then distributed to the dryer 
sections. For instance, in one embodiment, the air within a single air 
supply channel is heated to an elevated temperature and distributed to 
the first dryer section. However, when distributing the heated air to the 
second dryer section, the temperature of the heated supply air can be 
lowered to a reduced temperature using a variety of control techniques, 
such as, but not limited to, a stream, of supplemental or recycled air, a 
cooling unit, etc. Moreover, in some instances, such as when utilizing a 
stream of air to cool the heated supply air, the reduced temperature can 
actually vary at different points within the second dryer section. For 
example, a stream of cool air can be combined with the heated supply air 
within the second dryer section such that the temperature of the web 
gradually decreases as it moves through the second dryer section. 

In another embodiment, the air within a single air supply channel is 
heated to a reduced temperature and distributed to the second dryer 
section. However, when distributing the air to the first dryer section, the 
temperature of the air can be increased to an elevated temperature using 
a variety of control techniques, such as, but not limited to, supplemental 
heated air or a burner. For example, when utilizing a burner, the elevated 
temperature can be relatively constant. Moreover, in some instances, 
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such as when utilizing a stream of air to heat the supply air, the elevated 
temperature can actually vary at different points within the first dryer 
section. For example, a stream of heated air can be combined with the 
supply air within the first dryer section such that the temperature of the 
web gradually decreases as it moves through the first dryer section. 

Other features and aspects of the present invention are discussed, 
in greater detail below. 

Brief Description of the Drawing s 

A full and enabling disclosure of the present invention, including 
the best mode thereof, directed to one of ordinary skill in the art, is set 
forth in the specification, which makes reference to the appended 
drawings, in which: 

Fig. 1 is an illustration of one embodiment of a papermaking 
process that can be utilized in accordance with the present invention; 

Fig. 2 is a partial cross-sectional view of the through-drying 
apparatus depicted in Fig. 1 and is a modified version of the apparatus 
shown in Fig. 1 of U.S. Patent No. 4,462,868 to Oubridqe. et al. ; 

Fig. 3 is a schematic view illustrating one embodiment of the 
present invention; 

Fig. 4 is a schematic illustration of the introduction of a stream into 
a through-drying apparatus in accordance with one embodiment of the 
present invention; and 

Fig. 5 is a partial cross-sectional view of the through-drying 
apparatus schematically illustrated in Fig. 4. 

Repeat use of reference characters in the present specification and 
drawings is intended to represent the same or analogous features or 
elements of the invention. 

Detailed Description of Representative Embodiments 

Reference now will be made in detail to various embodiments of 
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the invention, one or more examples of which are set forth below. Each 
example is provided by way of explanation, not limitation of the invention. 
In fact, it will be apparent to those skilled in the art that various 
modifications and variations can be made in the present invention without 
departing from the scope or spirit of the invention. For instance, features 
illustrated or described as part of one embodiment, can be used on 
another embodiment to yield a still further embodiment. Thus, it is 
intended that the present invention cover such modifications and 
variations as come within the scope of the appended claims and their 
equivalents. 

In general, the present invention is directed to a method of 
controlling the temperature of a paper web during drying. For instance, in 
one embodiment of the present invention, a paper web is passed through 
two dryer sections of a through-dryer in which the first dryer section is 
generally at a higher temperature than the second dryer section to 
improve dryer capacity and inhibit thermal degradation of the web. 

A paper web formed according to the present invention can 
generally be formed from any of a variety of materials known in the art. 
For example, the paper web can contain pulp fibers either alone or in 
combination with other types of fibers. Some suitable pulp fibers can 
include, but are not limited to, softwood fibers, hardwood fibers, 
secondary fibers obtained from recycled materials, etc. Other fibers can 
also be added to the paper web if desired. Examples of some suitable 
fibers can include, but are not limited to, polydefin fibers, polyester fibers, 
nylon fibers, polyvinyl acetate fibers, cotton fibers, rayon fibers, non- 
woody plant fibers, thermomechanical pulp fibers, etc. 

In addition, the paper web may also be formed from any 
papermaking process known in the art. It should be understood that the 
present invention is not limited to any particular papermaking process. In 



fact, any process capable of forming a paper web can be utilized in the 
present invention. For example, a papermaking process of the present 
invention can utilize creping, embossing, wet-pressing, double creping, 
calendering, as well as other known steps in forming the paper web. 

For example, referring to Figure 1, one embodiment of a process 
10 for forming a paper web is illustrated. As shown, a dilute suspension 
containing fibers is supplied by a headbox 12 and deposited via a sluice 
14 in uniform dispersion onto a foraminous surface 16 of a papermaking 
machine 18. Once deposited on the foraminous surface 16, water is 
removed from the web 21 by combinations of gravity, centrifugal force and 

vacuum suction depending upon the forming configuration. As shown in 

i 

Figure 1 , a vacuum box 23 can be disposed beneath the web 21 for 
removing water and facilitating formation of the web. 

Once formed, the web 21 can be fed to one or more papermaking 
devices. For example, as shown in Fig. 1, a hydroneedling device 25 can 
be provided for hydroneedling a web 21 while on a foraminous surface 
16. A vacuum device 29 may be located directly beneath the 
hydroneedling device 25 or beneath the foraminous surface 16, 
downstream from hydroneedling device 25, so that excess water can be 
withdrawn from web 21 . Although a hydroneedling device is illustrated 
and described herein, it should be understood that such a device is not 
required in the present invention. Moreover, various other well-known 
papermaking devices may also be utilized in the present invention. 
Moreover, the web 21 may also be directly transferred to a dryer, such as 
a through-dryer 30, if desired. 

In accordance with the present invention, the web may then be 
transferred to a dryer to dry the web. For example through-dryers, which 
utilize non-compressive drying, can be utilized in the present invention. 
In this regard, one embodiment of a through-dryer that may be used in the 
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present invention will now be described in more detail below. However, it 
should be understood that the description below relates to only one 
embodiment of the present invention, and that other embodiments are 
also intended to be within the scope of the present invention. 

As shown in Figs. 1-3, the web 21 may be transferred from a 
foraminous surface 16 to a through-dryer 30 using rolls 27. Through- 
dryers are generally well known in the art and any of such through-dryers 
can be utilized in the present invention. For example, some suitable 
through-dryers are described in U.S. Patent Nos. 4,462,868 to Oubridqe. 
et al. ; 5,465,504 to Joiner ; and 5,937,538 to Joiner , which are 
incorporated herein in their entirety by reference for all purposes. As 
shown in Fig. 2, the through-dryer 30 contains a rotary through-air drying 
drum 20 and an outer hood 38. Typically, the drum 20 is hollow so that a 
gas, such as air or steam, may be exhausted axially therefrom. However, 
it should be understood that any other gas, such as nitrogen, for example, 
may also be used in the present invention . Moreover, it should be 
understood that the drum 20 may have any desired shape, such as 
curved, arced, flat, etc. 

In some embodiments, the outer hood 38 includes a first dryer 
section 22 and a second dryer section 24. A relatively wet paper web can 
be provided on a belt or wire 40 to the first dryer section 22 via an inlet 
26. For instance, a web may be supplied to the first dryer section 22 at a 
consistency of less than about 60%, particularly between about 15% to 
about 45%, and more particularly between about 20% to about 40%. 

As the web is passed around the periphery of the drum 20 within 
the first dryer section 22, it can be partially dried by a heat source. In 
general, any of a variety of methods can be utilized to provide heat to the 
first dryer section 22. For instance, in one embodiment, as shown in Fig. 
2, an air heater (not shown) can be provided that is connected to an air 
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channel 28 so that heated air can be selectively fed through a duct 32 to 
an air distribution header 35 surrounding the periphery of the drum 20. 
After entering the header 35 from the duct 32, the heated air can then be 
distributed around the periphery of the drum 20 through a plurality of 
perforations (not shown) so that the heated air within the header 35 
contacts the surface of the web 21 . 

Within the first dryer section 22, the web is relatively wet so that 
very little, if any, heated air actually passes through the web. Rather, the 
air generally impinges on the surface of the web, and heats the web to 
evaporate the moisture contained thereon. After contacting the web 
surface, the air can then flow along with the web and/or through the web 
into the interior of the drum 20, where it can be exhausted. In some 
embodiments, the drum 20 may also be equipped with a device, such as 
described in U.S. Patent No. 4,462,868 to Oubridqe , which allows the air 
to flow back through the perforations (not shown) and out through a return 
duct 44. 

As the drum 20 rotates and the web passes further around beneath 
the header 35, it can become dryer and more porous, thereby allowing 
more of the heated air to pass through the web and into the interior of the 
drum 20 through the return duct 44. After the drum has been rotated a 
certain amount (e.g., about 125 degrees), the web can become relatively 
dry and porous so that most or all of the heated air can pass relatively 
easily through the web. For instance, a relatively dry web may have a 
consistency of greater than about 25%, particularly greater than about 
35%, and more particularly between about 45% to about 70%. 

Upon exiting the first dryer section 22, the relatively dry web can 
then enter the second dryer section 24. As the web is passed around the 
periphery of the drum 20 within the second dryer section 24, it can be 
further dried by a heat source. In general, any of a variety of methods 
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can be utilized to provide heat to the second dryer section 24. For 
instance, in one embodiment, as shown in Fig. 2, an air heater (not 
shown) can be provided that is connected to an air channel 46 so that 
heated air can be selectively fed through a duct 48 to an air distribution 
header 50 surrounding the periphery of the drum 20. 

After entering the header 50 from the duct 48, the heated air can 
then be distributed around the periphery of the drum 20 through a plurality 
of perforations 36 (See Fig. 1) so that the heated air within the header 50 
contacts the surface of the web 21 and passes therethrough. After 
passing through the web, the air can then flow through the perforations 36 
and into the interior of the drum 20, from which air can be exhausted. In 
some embodiments, after leaving the second dryer section 24, the web 
can have a consistency of greater than about 90%. 

In accordance with the present invention, the temperatures within 
the first dryer section 22 and the second dryer section 24 can be 
selectively controlled to improve the overall capacity of the dryer 30. In 
particular, an elevated temperature can be provided to the first dryer 
section 22 when the web is relatively wet and a reduced temperature can 
be provided to the second dryer section 24 when the web is relatively dry. 
For instance, in one embodiment, a temperature between about 400°F to 
about 500°F, and particularly between about 450°F to about 500°F, is 
provided to the first dryer section 22, while a temperature between about 
300°F to about 400°F, and particularly between about 300°F to about 
350°F, is provided to the second dryer section 24. 

By providing an elevated temperature to the first dryer section 22, it 
has been discovered that the web can dry at a faster rate, which thereby 
allows the web to be fed at a greater speed to the dryer to increase the 
overall rate of production of paper webs (i.e., production capacity). 
Moreover, it has also been discovered that the provision of such an 
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elevated temperature to only the first dryer section 22 generally does not 
cause the web to be'heated significantly above its "thermal degradation 
temperature". It should be understood, however, that the web may be 
heated slightly above the "thermal degradation temperature" for a short 
5 period of time without causing a substantial amount of chemical 

degradation and generation of malodorous compounds due to excess 
heat. The thermal degradation temperature of a web can vary based on a 
number of factors, such as the additives utilized and fiber content of the 
web. For example, a typical wood pulp fiber-based web can have a 

1 0 thermal degradation temperature of about 280°F. 

As stated above, when the web is relatively wet, much of the 
heated air does not pass between the fibers within the web. Instead, the 
heated air flows parallel to the surface of the web and tends to raise the 
temperature of the web until it reaches the saturation temperature of the 

15 heated air at a given pressure (e.g., about 150°F at about 1 atmosphere). 
At the saturation temperature, substantial amounts of moisture contained 
within the web are evaporated. Accordingly, because the temperature of 
a relatively wet web is not significantly increased above the saturation ) 
temperature of the heated air when dried at an elevated temperature, the 

20 temperature of the web within the first through-dryer section 22 typically 
remains^ less than the "thermal degradation temperature" of the web. 

In general the temperature supplied to the first dryer section 22 
and the second dryer section 24 can be controlled using a variety of 
methods and/or techniques. For instance, in one embodiment, as shown 

25 in Fig. 2, two burners (not shown) can be used in conjunction with two 

separate air supply channels 28 and 46. In this manner, the temperature 
of the air supplied to the duct 32 can be controlled independently from the 
temperature of the air supplied to the duct 48 such that the elevated 
temperature within the first dryer section 22 is relatively constant and the 
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reduced temperature within the second dryer section 24 is relatively 
constant. Moreover, if desired, valves can also be provided to adjust air 
flow across the width of the first through-dryer section 22 and/or the 
second dryer section 24. 

In addition, other techniques may also be utilized. For instance, in 
one embodiment, as shown in Fig. 3, a supply air stream 60 can be 
utilized to supply air to a dryer 70. The supply air stream 60 can provide 
heated air to a first dryer section via an air stream 65 and can provide air 
to a second dryer section 74 via an air stream 67. In general, the supply 
air stream 60 can be heated to any desired temperature. In some . 
embodiments, for example, the supply air stream 60 is heated by one or 
more burners 79 to an elevated temperature and distributed to the first 
dryer section 72. To provide a reduced temperature to the second dryer 
section 74, a number of control techniques may be utilized. For example, 
in some instances, a cooling unit can be provided to cool the air stream 
67 to a reduced temperature prior to entering the second dryer section 74. 

In another embodiment, one or more streams of air can be 
combined with the air stream 67 prior to contacting a web within the 
second dryer section 74. For instance, as shown in Fig. 3, one 
embodiment of the present invention can utilize a supplemental air stream 
71 to reduce the temperature of air entering the second dryer section 74. 
Moreover, an air stream 73 recycled from the exhaust of the first dryer 
section 72 and/or the second dryer section 74 can also be used to reduce 
the temperature of air entering the second dryer section 74. 

In these embodiments, the reduced temperature provided by the 
combination of the streams 73 and/or 71 with the stream 67 can actually 
vary at different points within the second dryer section 74. For example, a 
stream 73 of air can be combined with the air stream 67 within the second 
dryer section 74 or a duct (not shown) such that the temperature of the 
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web decreases as it moves through the second dryer section 74. In one 
embodiment, for example, the flow of the air stream 67 can create a 
negative pressure across an induction system that causes the streams 73 
and/or 71 to be drawn into the air stream 67 without the use of fans, etc. 
5 Thus, due to the flow dynamics of these streams, as shown in Fig. 5, the 
cooler air stream 65 can be drawn toward the bottom end of section 74, 
while the warmer air stream 67 can remain at the top end of section 74. 
As a result, a web entering the section 74 can be initially heated by the 
warmer stream 67. As the web exits the section 74, however, it can be 

1 0 heated to a somewhat lower temperature by the stream 71 . Such a 
temperature profile can further enhance the capacity of the dryer 70. 

Although the embodiment described and shown herein relates to 
induction without a fan, it should be understood that fans, vanes, and 
other control devices may be utilized in accordance with the present 

1 5 invention to further control the temperature profile within the section 74. 

In some embodiments, such control devices may be particularly useful in 
obtaining the desired temperature profile within the section 74. 

Moreover, as shown in Fig. 3, heating mechanisms, such as, but 
not limited to, burners and/or supplemental air streams, can also be 

20 provided, in some embodiments, to control the temperature of air within 

the first dryer section 72. For instance, in one embodiment, the air stream 
65 is heated by one or more burners 79 to a reduced temperature and 
distributed to the second dryer section 74. To provide air at an elevated 
temperature to the first dryer section 72, an additional heater 80 can be 

25 provided, in some embodiments, to heat the air stream 65 within a duct 
(not shown) or within the first dryer section 72. 

In another embodiment, one or more streams of air can be 
combined with the air stream 65 prior to contacting a web within the first 
dryer section 72. For instance, as shown in Fig. 3, one embodiment of 
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the present invention can utilize a supplemental heated air stream 78. As 
described above, the elevated temperature provided by the combination 
of the stream 78 with the stream 65 can actually vary at different points 
within the first dryer section 72. For example, a stream 78 of warmer air 
can be combined with the cooler air stream 65 within the first dryer 
section 72 or a duct (not shown) such that the temperature of the web 
decreases as it moves through the first dryer section 72. In one 
embodiment, for example, the flow of the air stream 65 can create a 
negative pressure across an induction system that causes the stream 78 
to be drawn into the air stream 67 without the use of fans, etc. Thus, due 
to the flow dynamics of these streams, such as described above, the 
cooler air stream 65 can remain at the top end of the section 72, while the 
warmer air stream 78 can be drawn toward the bottom end of the section 
72. As a result, a web entering the section 72 can be initially heated by 
the warmer stream 78. As the web exits the section 72, however, it can 
be heated to a somewhat lower temperature by the stream 65. Such a 
temperature profile can further enhance the capacity of the dryer 70. 

Although the embodiment described and shown herein relates to 
induction without a fan, it should be understood that fans, vanes, and 
other control devices may be utilized in accordance with the present 
invention to further control the temperature profile within the section 72. 
In some embodiments, such control devices may be particularly useful in 
obtaining the desired temperature profile within the section 72. 

The temperature, flow rate, and location of the streams of air can 
generally be controlled to provide any desired temperature profile for 
drying the web. It should be understood that any of the above-mentioned 
techniques, as well as other techniques, can be used alone or in 
combination. Moreover, it should also be understood that additional 
streams of air or other cooling fluids may be utilized if desired. 



) ) 

15 

While the invention has been described in detail with respect to the 
specific embodiments thereof, it will be appreciated that those skilled in 
the art, upon attaining an understanding of the foregoing, may readily 
conceive of alterations to, variations of, and equivalents to these 
embodiments. Accordingly, the scope of the present invention should be 
assessed as that of the appended claims and any equivalents thereto. 
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